A particle which lives in a d-dimensional ordinary and a d-dimensional Grassmann space manifests itself in an ordinary four-dimensional subspace as a spinor, a scalar or a vector with charges. Operators of the Lorentz transformations and translations in both spaces form the super-Poincaré algebra. It is the super-Pauli-Ljubanski vector which generates spinors. Vielbeins and spin connections with the Lorentz index larger than or equal to five may manifest in a four-dimensional subspace as an electromagnetic, a weak and a colour field.
INTRODUCTION
Not only we have shown 1 that the supersymmetry can consistently be formulated in the context of a Grassmann space, but that this approach brings a new insight into the concept of supersymmetry and physics, either in the flat space or in the presence of gauge fields entering into the theory as vielbeins and spin connections. We suppose that a particle lives in a d-dimensional ordinary and a d-dimensional Grassmann space of anticommuting coordinates. From the supersymmetric geodesics of the particle it follows 1−2 that the action is invariant under the Lorentz transformations in an ordinary and a Grassmann space with the same transformation parameters in both spaces. The canonical quantization of the dynamics of a particle in the Grassmann space manifests in particle's internal degrees of freedom ; a particle behaves like a scalar, a spinor or a vector 1 , with a weak or a colour charge 3 , while the momentum in the fifth dimension appears as an electromagnetic charge. Generators of the Lorentz transformations in the Grassmann space are differential operators in the Grassmann space of an even Grassmann character and so are the Dirac γ µ operators which require d ≥ 5. Vector space spanned over the Grassmann coordinate space has the dimension 2 d . Half of vectors have an even, half of vectors have an odd Grassmann character. Canonical quatization of fields quantizes the former to bosons, the later to fermions.
Generators of translations and the Lorentz transformations in the ordinary and the Grassmann space form the super-Poincaré algebra 1 . The super-Pauli-Ljubanski vector can be defined as a generalization of the Pauli-Ljubanski vector with an odd Grassmann character. It defines spinor charges.
Supervielbeins, depending on ordinary and Grassmann coordinates, connect supervectors of a freely falling coordinate system to an external coordinate system 1 . A spin connection appears as a superpartner of a vielbein. While a vielbein has an even Grassmann character describing a spin 2 gravitational field, a spin connection has an odd Grassmann character and describes a fermionic part of a gravitational field. It is the dependence on the Grassmann coordinates which determines the internal spin of a gravitational field in the four dimensional subspace.
Vielbeins with a Lorentz index a ≥ 5 manifest in the four-dimensional subspace as gauge fields of Yang-Mills type, the corresponding charges being defined by either the generators of the Lorentz transformations in that part of the Grassmann space which has the index higher than five (this is the case for weak and colour charges) or by the momentum in the fifth dimension of the ordinary space (which is the case for the electromagnetic field).
A torsion and a curvature of the gravitational gauge field are found by the Poisson brackets between components of covariant momentum of a particle. Since veilbeins and spin connections depend on ordinary and Grassmann coordinates, the derivatives with respect to both types of coordinates appear in the Lagrange density and correspondingly in equations of motion, defining dynamics in both spaces.
A PARTICLE IN A FREELY FALLING COORDINATE SYSTEM
We assume that a particle lives in a d-dimensional ordinary x a and in a ddimensional Grassmann space θ a space of anticommuting coordinates: {x a , θ a } and that the action is invariant under the Lorentz transformations with the same transformation parameters in both spaces. We found two types of generators of the Lorentz transformations corresponding to two different actions, representations of one defining spinors, of the other defining vectors.
For the action
in which τ is an ordinary time parameter, the generators of the Lorentz transformations are
2) where
We shall use left derivatives defined as follows:
By defining the generalized coordinates
we may write 
µ and the Poisson brackets in the ordinary and the Grassmann space :
where n A is either one or two depending on whether A has on odd or an even Grassmann character, respectively. It may be checked that the Poisson brackets have the following properties:
and fulfil the Jacobi's identity:
(2.6b) In the quantization procedure −i{A, B} p goes to either commutators or to anticommutators, according to the Poisson brackets (2.6).
SPINORS
Defining a particle supergeodesics by supercoordinates 1−2 X a = x a + εξθ a , which depend on two parameters: on an ordinary time parameter τ and on a Grassmann odd parameter ξ, ε is here an ordinary complex coodinate, the action follows
where
may be written which is invariant under general coordinate transformations in a two dimensional superspace τ i and under the Lorentz transformations in a 2d-dimensional superspace. By choosing η AA = 0, η 12 = η 21 = 1 , and
and integrating the action (2.7) over the Grassmann odd parameter ξ , the action for a superparticle follows
which requires that the coordinate in the Grassmann space is proportional to its conjugate momentum
bringing into the theory the spinorial degrees of freedom. For ε 2 = −i , it follows thatã a = 0 and so areS ab = 0 , while S ab =S ab . The variation of the action (2.7a) with respect to M and N, the former having an odd the later an even Grassmann character, gives the two constraints:
which , according to the Poisson brackets(2.6), in the quantization procedure define the Dirac and the Klein-Gordon equation, respectively. The operators θ a , p
fulfil the Grassmann algebra, while the operatorsã a andã a fulfil the Clifford algebra:
The constraints (2.10) lead to the Dirac and the Klein-Gordon equation
In the case that <ψ|p 5 |ψ >= m and d = 5, it follows
Since the Dirac γ b operators have an even Grassmann character, we assume that
are the Dirac operators. It can be checked that in the four-dimensional subspacẽ 
SCALARS AND VECTORS
Dynamics of spinors occurs their momenta in the Grassmann space is proportional to their coordinates. Dynamics of scalars and vectors occur when their momenta in the Grassmann space are proportional to the derivative of Grassmann coordinates with respect to the time parameterθ µ . The constraints then lead to the KleinGordon equation. In this case the generators of the Lorentz transformations and the translations in the Grassmann space are S µν = θ µ p θν − θ ν p θµ and p θµ , respectively.
A PARTICLE IN A GRAVITATIONAL FIELD
We suppose 1,4 that supervielbeins transform vectors of a freely falling coordinate system into vectors of an external coordinate system. Due to two types of derivatives ∂ i (i = 1, 2) (eq.2.7) we assume two types of supervielbeins: e ia µ , i = 1, 2 , the index a refers to a freely falling coordinate system(a Lorentz index), the index µ refers to external coordinate system(an Einstein index). Supervielbeins depend on ordinary and Grassmann coordinates. We write which means that a point particle with a spin sees a spin connection θ b e ia µb related to a vielbein e 2a ν . Rewritting the action(2.7) in terms of an external coordinate system according to eqs.(3.1), using the Taylor expansion of supercoordinates X µ and superfields e ia µ and integrating the action over the Grassmann odd parameter ξ the action
defines the two momenta of the system
a , whileã a = 0. In this case me may write
and obtain the Hamilton function
and the two constraints
In the quantization procedure the two constraints in eqs.
aã a have to be symmetrized properly, due to the fact that fields depend on ordinary 5 and Grassmann coordinates, in order that the Klein-Gordon and the Dirac equations in the presence of gravitational fields follow correspondingly.
A torsion and a curvature follow from the Poisson brackets {p 0a , p 0b }, with p 0a = f 1µ a (p µ +
2S
cd ω cdµ ). We find
If the action for a free gravitational field is
where ω is a scalar density in the Grassmann space 1 , the Lagrange density L includes det(e in the Grassmann space in higher then four dimensions may define weak and colour charges, while vielbeins and spin connections with the Lorentz index higher then four manifest in the four-dimensional ordinary subspace as weak and colour fields 3 . Since the momentum in the fifth dimension of the ordinary space manifests as an electromagnetic charge of a particle in the four-dimensional ordinary subspace and accordingly the spin connection with the Lorentz index equal to five manifests as an electromagnetic field, can Lorentz indices only greater then five be connected with fields, which manifest in the four-dimensional subspace as non-Abealen gauge fields.
4.ELECTRODYNAMICS AS A GRAVITATION IN THE FIFTH DIMENSION
We shall present in this section how a vielbein and a spin connection, depending on the ordinary and Grassmann coordinates, with the Lorentz index equal to five manifest in the four-dimensional subspace as an electromagnetic field. The dependence of the field on the Grassmann coordinates determines the internal spin one of the field 1 . We shall treat the case with d = 5 and with no gravitational field in the ordinary four-dimensional subspace: The first constraint of eqs.(4.4a) can then be written in the form
In the quantization procedure(according to the Poisson brackets(2.6) ), eq.(4.7) has to be symmetrized since the field depends on ordinary and Grassmann coordinates.
In a nonhomogenous field the term with F αβ causes an anomalous magnetic moment of a charged particle, unless the particle is considered as a (almost massless) cluster of very heavy constituents 3 . In an homogenous field the contribution of that term vanishes since [p α , eA α + n brings the ordinary Maxwell equations for a free field and the constraints (4.5) in the gauge(4.5a). This is the solution also for the case that L = R mn mn .
5.CONCLUSIONS
The theory in which the space has d ordinary and d Grassmann coordinates possesses the supersymmetry and enables not only the canonical quantization of coordinates and fields but offers also the possibility of unifying gauge fields: generators of the super-Poincaré algebra (in the ordinary and the Grassmann space) define internal degrees of freedom: spins of particles and fields and charges. Spins of particles and fields appear as the dynamics of particles and fields in the Grassmann five-dimensional subspace. Momentum in the fifth ordinary dimension manifests as a charge(and a mass) of particles and fields in a four dimensional ordinary subspace. Generators of the Lorentz transformations in higher then five dimensions manifest in the four dimensional subspace charges of non-Abelian gauge fields, while gravitational fields in higher dimensions manifest in four dimensional subspace as corresponding fields. Spin connections of an odd Grassmann character apear as superpartners of vielbeins with an even Grassmann chracter. Both depend on ordinary and Grassmann coordinates, the later defining the spin of fields. Generators of translations and the Lorentz transformations in the ordinary and the Grassmann space define super-Poincaré algebra, while super-Pauli-Ljubanski vector defines spinor charges. For d=5 there are four four-spinors defined by super-Pauli-Ljubanski vector and by generators of the Lorentz transformations in the Grassmann space. Half of them have a negative and half of them a positive internal parity , defined by discrete Lorentz transformations in the Grassmann space. If these degrees of freedom manifest on the level of quarks and leptons, the two generations of quarks and leptons would have a positive and the two a negative internal parity. There are also two scalars, two three vectors and two four vectors, which define ineternal spins of gauge fields. 
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